Nowadays, with advanced 3D printing techniques, the custom-made implant can be manufactured for the patient. Especially in skull reconstruction, it is difficult to design the implant due to complicated geometry. In large defect, an autograft is inappropriate to cover the defect due to donor morbidity. We present the process of manufacturing the 3D custom-made implant for skull reconstruction. There was one patient with skull defect repaired using custom-made 3D titanium implant in the plastic and reconstructive surgery department. The patient had defect of the left parieto-temporal area after craniectomy due to traumatic subdural hematoma. Custom-made 3D titanium implants were manufactured by Medyssey Co., Ltd. using 3D CT data, Mimics software and an EBM (Electron Beam Melting) machine. The engineer and surgeon reviewed several different designs and simulated a mock surgery on 3D skull model. During the operation, the custom-made implant was fit to the defect properly without dead space. The operative site healed without any specific complications. In skull reconstruction, autograft has been the treatment of choice. However, it is not always available and depends on the size of defect and donor morbidity. As 3D printing technique has been advanced, it is useful to manufacture custom-made implant for skull reconstruction.
Introduction
The reconstruction of large calvarial defects is a necessary challenge for the plastic surgeon. Calvarial reconstruction should provide not only biomechanical stability but also cerebral protection. It is well known that an autologous bone is the best choice of treatment, but sometimes it cannot be used, especially in cases of large defects. Medical imaging has been developed and computer programming have allowed computerassisted designed implants, which are fit to the defect without an error. [1] [2] [3] In this report, we present our experience of the process of the manufacturing custom-made 3D titanium implant.
In 2014, there was one patient with skull defect reconstructed by using custom-made 3D titanium implant. Custom-made 3D titanium implant was manufactured by Medyssey Co., Ltd. using 3D CT data, Mimics software, and an EBM (Electron Beam Melting) machine. CT was scanned with 1mm thickness and the data was investigated from the bone part of axial, sagittal and coronal plane. After then, 3D image was produced and implant was designed for the defect (Fig. 1 ). In designing process, the manufacturer and surgeon discussed the position of fixation, the amount of porosity and the figure of implant. When the manufacturing of the 3D implant was completed, the surgeon simulated the operation with it to the patient's rapid prototyping (RP) model ( Fig. 2 ).
Case Report
During the operation, we were able to confirm the custommade 3D implant was exact fit for the skull defect without leaving any dead spaces. There was no complication on the operative wound and the depressed scalp was recovered. Patient satisfied with their result and postoperative facial CT was evaluated to confirm the position of implant.
Case 1
The patient was a 21-year-old female with a calvarial defect in the left parieto-temporal area. She had a traffic accident and epidural hemorrhage was found. Craniectomy and cranioplasty with MedPor® was done. However, the implant had been removed due to infection. The defect size was 15×15 (cm 2 ) and reconstruction was done with 3D titanium mesh. The postoperative follow-up was two months without complications (Fig. 3 ).
Discussion
We reconstructed one case of calvarial defect successfully with custom-made 3D titanium implant. Although it was just one case and we did not look at the long term follow-up, custom-made implants can be considered a good option for skull reconstruction. The advantages such as the short operating time, no required special surgical techniques, and no donor site morbidity were well known.
In calvarial reconstructions, autograft was widely used among the many kinds of grafts. It is good for an osteoconduction. 4 However, it cannot be used in large defects and can cause donor site morbidity. Also, its result depends on the harvesting technique and the incidence rate of bone resorption ranges from 3% to 12%. [5] [6] [7] When resorption occurs, secondary operation is inevitable to compensate for the alteration. 8, 9 Titanium is strong enough to resist secondary trauma while providing maximal stability. Furthermore, it generally causes less inflammation, bonds with surrounding mineralized bone and has a biocompatibility. [10] [11] [12] However, due to its hardness, it is necessary to prefabricate the implant using computer-assisted design and manufacturing. A major concern in calvarial reconstruction has been the complex geometry which can affect preoperative planning and aesthetic outcome. 13 With advanced technology, computer-assisted designed titanium implants were introduced. 14 In our cases, the implants exactly fit the defect and properly covered the defect area without dead space.
This study has limitations, such as its small sample size and early follow-up. However, there was no complication and the patient was satisfied with their outcome functionally and aesthetically. 
Conclusion
Short operation time, exactly fitness to the defect and cosmetic outcome are advantages of this 3D printing method. In these aspects, custom-made 3D implants can be one of the best options for skull reconstruction.
